The nucleotide sequence and genomic organization of a conserved genome region within the EcoRI G fragment of Cryptophlebia leucotreta granulosis virus (CIGV) is presented. Five open reading frames (ORFs) were identified which were homologous to those of Autographa californica nuclear polyhedrosis virus (AcMNPV), located upstream of the helicase gene (p143) at 63"6 to 65.6 map units. The ORFs of C1GV and AcMNPV share nucleotide sequence homologies of about 47 to 53 % and are very similarly arranged. One of 0001-2036
the C1GV ORFs potentially encodes a basic DNAbinding protein with an M r of about 7.3K. Its predicted amino acid sequence mainly consists of multiple arginine and serine residues and shows a 52 to 55 % identity to the DNA-binding proteins of AcMNPV and other nuclear polyhedrosis viruses. Its amino acid composition conforms to that of the DNA-binding proteins of Plodia interpunctella granulosis virus and Spodoptera litura granulosis virus.
Cryptophlebia leucotreta granulosis virus (C1GV) is pathogenic for the false codling moth (C. leucotreta) which is a serious pest of citrus, cotton and other crops in equatorial and tropical Africa. C1GV is a member of the granulosis virus (GV) genus of the family Baculoviridae which are enveloped viruses with circular dsDNA of about 90 to 230 kbp (Francki et al., 1991) . Several viruses have been successfully used for biological pest control of insects and are commercially available in different countries. An example is Cydia pomonella granulosis virus (CpGV) which is used for the control of the codling moth in apple orchards (Huber, 1986) . Despite their considerable potential as highly specific and effective pest control agents, knowledge about the molecular biology of GVs is rather limited (Crook, 1991) .
We have recently presented a detailed restriction map of the ll2.4kbp genome of C1GV CV3, an isolate originating from the Cape Verde Islands, and also t Present address: Wageningen Agricultural University, Department of Virology, P.O. Box 8045, 6700 EM Wageningen, The Netherlands.
The nucleotide sequence reported here will appear in the EMBL GenBank and DDBJ nucleotide sequence databases under the accession number X77048. investigated its relationship to the genome of CpGV by cross-hybridization of restriction fragments (Jehle et al., 1992) . The viruses share at least two genome regions that hybridize strongly and a third region with weaker hybridization properties, indicating a limited but uneven distribution of homologies between the genomes. These findings may indicate different functional constraints on variability or unequal evolutionary distances of specific genome regions. One region was found by hybridization to encompass the granulin gene, which is known to be highly conserved within GVs and also closely related to the polyhedrin gene of nuclear polyhedrosis viruses (NPVs; Rohrmann, 1986) . In this study we present the nucleotide sequence organization of the second strongly hybridizing region, which was mapped between 56.2 and 58.5 map units (m.u.), on the EcoRI G fragment of C1GV.
The EcoRI G fragment of C1GV was cloned into pGEM-3Zf(+), resulting in the plasmid pCV3ECG. To localize the conserved sequences within this fragment the homology between C1GV and CpGV was further mapped by restriction digestion of the cloned EcoRI G fragment with SacI, followed by gel electrophoresis, Southern transfer to Hybond-N (Amersham), hybridization to biotin-labelled restriction fragments of CpGV and chemiluminescent detection (PhotoGene, BRL The EcoRI G fragment of CIGV was cloned into pGEM-3Zf(+) resulting in the plasmid pCV3ECG. The conserved 2.8 kbp Sacl-EcoRI fragment that hybridized to CpGV DNA is indicated as a black bar and was cloned into pGEM-5Zf(+), resulting in the plasmid pFES28. The EcoRl and SacI restriction sites are termed E and S, respectively. The priming sites of the T7 and Sp6 promoters are also shown. (b) The exonuclease III sequencing strategy for this plasmid using universal primers (arrows) or synthetic primers (arrows with squares) is represented. (c) The distribution and orientation of the ORFs encoding more than 100 amino acids and of p7-3 predicted from the nucleotide sequence of CIGV is compared to the AcMNPV genome region at 63-6 to 65"6 m.u., previously described by Lu & Carstens (1991) . Identical hatching patterns indicate homologous reading frames between CIGV and AcMNPV. Note the inverse orientation of the genome regions with respect to the granulin gene of CIGV and the polyhedrin gene of AcMNPV.
of the viral genome) of the original 7.3 kbp EcoRI G fragment gave a hybridization signal (data not shown). This SacI-EcoRI fragment of pCV3ECG was excised by SacI (using the vector-specific SacI site directly adjacent to the EcoRI site) and subcloned into pGEM-5Zf(+), resulting in the plasmid pFES28 ( Fig. l) . The plasmid pFES28 was used to generate unidirectional exonuclease III deletion clones by the method of Henikoff (1987). These were sequenced from double-stranded templates by the dideoxynucleotide chain termination method (Sanger et al., 1977) using Sequenase T7 DNA polymerase (USB) and vector-specific primers (T7 and Sp6 promoters). Both strands of pFES28 were sequenced by spanning missing deletion clones with sequence-specific primers (Fig. 1 ). The sequence data were compiled and analysed using GENMON version 4.2 (GBF) and University of Wisconsin Genetics Computer Group (UWGCG) (Devereux et al., 1984) software packages. The size of the SacI-EcoRI fragment of pFES28 was 2754 bp. Translation of the nucleotide sequence showed four complete open reading frames (ORFs), ORF1029, ORF720, ORF486 and ORF174, and one partial ORF of significant length ( Fig. 1 and Fig. 2 ). The largest (ORF1029) starts at nucleotide 1212 and ends at nucleotide 2240, potentially encoding a 343 amino acid polypeptide with a predicted M r of 40.1K. Upstream of ORF1029, ORF174 is located in the same direction. ORF720 (nucleotides 1388 to 669), encoding a putative protein of 27-9K, is located in the opposite direction between ORF1029 and ORF174. The amino termini of ORF720 and ORF1029 overlap in 59 amino acid positions. Downstream of ORF1029, the fourth ORF, ORF486, is located in the opposite direction. The putative start of ORF486 at position 2745 is suggested by homology to the corresponding Autographa californica nuclear polyhedrosis virus (AcMNPV) ORF5 and would lead to a protein with a predicted size of 18"6K. However, the possibility of another translational start site outside the sequenced fragment cannot be definitely excluded since the adjacent codons between the ATG at position 2745 and the EcoRI cloning site at 2754 are also in frame with this ORF. Finally, the C terminus of an incomplete ORF was identified at the left border (SacI site) of the fragment sequenced. Only the predicted translational start sites of ORF1029 and ORF174 are in a favourable context according to Kozak's rules (a nucleotide sequence of purine-NNATG-purine) for efficient eukaryotic translation initiation and contain purines at the -3 and + 4 positions. The predicted start sites of ORF720 and ORF486 do not conform to this rule (Kozak, 1986) . ORF174, initiating at position 417 and ending at 590, encodes an arginine-and serine-rich protein with a predicted M r of 7.3K (p7-3). Its amino acid sequence is similar to that of the DNA-binding protein p6.9 of AcMNPV that was sequenced by Wilson et al. (1987) and located by Lu & Carstens (1991 ) directly downstream of ORF6 between 63"6 and 65.6 m.u. (Fig. 1) . DNAbinding proteins of baculoviruses are small and extremely basic proteins that are thought to be responsible for DNA condensation during packaging of the nucleocapsids (Rohrmann, 1992) . They have also been sequenced for Orgyia pseudotsugata NPV (OpMNPV) and for Bombyx mori NPV (BmMNPV) (Russell & Rohrmann, 1990; Maeda e t al., 1991) . Within GVs, basic DNA-binding proteins have been isolated and characterized from Plodia interpunctella GV (PiGV), referred to as VP12, and from Spodoptera litura GV. The related genes for each protein were neither identified nor sequenced (Tweeten et al., 1980; Kelly et al., 1983) . Recently, Funk & Consigli (1992 have reported that the basic protein of PiGV is phosphorylated in infected cells and is also associated with zinc ions.
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The comparison of the amino acid sequences of p7.3 to NPV DNA-binding proteins using the UWGCG GAP program revealed sequence identities of 52 % to that of AcMNPV and about 55 % to those of BmMNPV and OpMNPV, but a rather higher identity of 63 % to the arginine and serine (R/S) repeat in the polyhedron envelope (PE) protein of AcMNPV (Oellig et al., 1987) . This R/S repeat is located from amino acids 97 to 151 in the PE protein of AcMNPV and is not present in the homologous PE proteins of OpMNPV or Lymantria Fig. 3 . Comparison of the amino acid sequences of p7.3 of C1GV CV3 to the basic DNA-binding proteins of AcMNPV, BmMNPV and OpMNPV and to the R/S repeat of the PE of AcMNPV (amino acids 97 to 151). The alignment was derived from the translation of the corresponding nucleotide sequences, which were aligned by the UWGCG program GAP (Devereux et al., 1984) . Dots indicate identity to the predicted amino acid sequence of C1GV p7"3; dashes indicate gaps.
dispar NPV (Bjornson & Rohrmann, 1992; Gombart et al., 1989) . When the corresponding nucleotide sequences were compared, the similarity between p7-3 and the three DNA-binding proteins varied between 46% and 54% and only amount to 52 % in comparison to the nucleotide sequence of the R/S repeat in the PE protein of AcMNPV. These discrepancies between nucleotide and amino acid homologies may be caused by the extensive arginine and R/S repeats which could result in a misalignment of the sequences by the computing algorithm. Consequently, the proposed amino acid alignment shown in Fig. 3 was established by aligning the nucleotide sequences followed by the translation into the amino acid sequence. The type and distribution of the amino acid homologies may reflect some functionally important domains of the mature proteins. In this context the conservation of the N-terminal V(Y/R)RRR (R/S)(R/S)(R/S) motif and the central R/S repeats might be significant. In a comparison of the amino acid composition of several NPV and GV core proteins, the presence of histidine and the absence of threonine in GV proteins was noted as a characteristic difference to NPV binding proteins (Kelly et al., 1983) . The amino acid sequence of C1GV p7.3 agrees with this observation. The nucleotide sequence of p7"3 shows a late promoter motif about 20 bp upstream of the start codon ATG. Although the promoters of the NPV DNA-binding proteins have the consensus promoter sequence (G/ ATAAG) of late transcribed baculovirus RNAs (Rohrmann, 1986 ) the putative P7"3 promoter of C1GV is A TTAAG. This sequence has been found in a few late genes of AcMNPV, such as the Cu/Zn superoxide dismutase gene and the p35 gene (Tomalski et al., 1991 , Nissen & Friesen, 1989 and the gp37 gene of OpMNPV (Gross et al., 1993) . Possible poly(A) signals (AATAAA) ofpT.3 have been located at different sites, 7, 37 and 103 nucleotides downstream of the stop codon (Fig. 2) . More than half of the amino acid sequence of p7-3 consists of multiple R/S residues. The codon used to code for arginine depends on its position in the polypeptide. The triplets CGN are mainly used at the C-and N-terminal positions whereas the central R/S repeats predominantly use the codons AG(A/G) for arginine.
ORF1029, ORF720 and ORF486 of C1GV also show considerable homology to ORFs of AcMNPV located in the region of 63 to 67 m.u. (Fig. 1) . ORF1029 of CIGV and ORF2 (p38) of AcMNPV share identities of 52 % and 37.1% in their nucleotide and amino acid sequences respectively. Compared with the sequence of AcMNPV the start codon of ORF1029 is located 111 nucleotides upstream, resulting in the addition of 37 amino acids at the C terminus. Lu & Carstens (1992) mapped 1.1 kb transcripts of ORF2 (p38) of AcMNPV. They identified two late promoter motifs, 30 and 89 nucleotides upstream of the translational start site of ORF2, as the 5' end of the transcripts. Such late promoter motifs are not present at a reasonable distance upstream of the predicted ATG start codon of ORF1029 in C1GV but can be found 59 nucleotides downstream at position 1270. These findings suggest that the ATG codon at position 1335 may be the translational start site. Using this ATG start codon the N terminus of the translated protein (with a putative M r of 36-2K) is then in a similar position to the start codon of AcMNPV ORF2.
Further homologies have been identified between C1GV ORF720 and AcMNPV ORF6 (53 % nucleotide sequence identity and 43 % amino acid identity) and between C1GV ORF486 and AcMNPV ORF5 (48 % and 33% identity). The AcMNPV ORF6 was recently identified (and renamed late expression factor 5, lef-5) to be involved in late and very late transient gene expression (Passarelli & Miller, 1993) . Interestingly, even the overlapping of the 5' termini of CIGV ORF1029 and ORF720 is similar to that of AcMNPV ORF2 (p38) and ORF6 and also seem to be well conserved. However, all sequenced ORFs of C1GV and the corresponding ORFs of AcMNPV are in the reverse orientation in relation to the polyhedrin gene of AcMNPV and the granulin gene of C1GV. A similar gene organization is also present in OpMNPV, where the DNA-binding protein (p6"5) is surrounded by sequences homologous to AcMNPV ORF6 and C1GV ORF720 (Russell & Rohrmann, 1990) . Moreover, the partially sequenced ORF of C1GV upstream of p7.3 shares amino acid identities of about 25 % with the corresponding ORFs located upstream of the DNA-binding protein genes of OpMNPV (p40) and AcMNPV (Russell & Rohrmann, 1990; Hill-Perkins & Possee, 1990) .
Our findings indicate a high degree of conservation of the sequences and the arrangement of genes in the neighbourhood of the DNA-binding protein of C1GV, compared to AcMNPV and OpMNPV. The functions of most of these genes have not yet been elucidated but their conservation suggests a similar functional importance in NPVs and GVs. Previous attempts using non-stringent hybridization between the DNAs of NPVs and GVs to identify GV genes have failed in most cases because of the evolutionary distance between NPV and GV DNA (Dwyer & Granados, 1987 , 1988 . Our approach to characterize conserved genome regions of CIGV, first by intergenomic hybridization with another GV followed by sequencing and amino acid sequence comparisons with NPV genes, promises to be an attractive method for the identification of functionally and evolutionarily related genes in GVs.
